Introduction
During operation of cars on fields with an elevation difference of up to 25 ̊ in x and y directions showed in Figure  1 it was observed that approximately 10% of the fuel remains trapped in the fuel tank unable to be used. This happens because the suction system used in the fuel tank is unable to reach the fuel that remains in the tank when the tank is nearly empty during car operations under elevated conditions for long periods of time. To overcome this problem, a new type of fuel tank is designed which is based on the idea of implementing a movable partition in the fuel tank that will work to push the fuel within the tank towards the suction pump as the fuel in the tank is drained through car use. For this concept, it is inspired from the "Fuel Storage Apparatus for Vehicle" patent. [1] The concept will function by taking advantage of the pressure in the fuel tank. When the tank is full, the partition will remain at the x=0 location in the fuel tank. As the car operates, the suction system will supply fuel to the engine, which will consume the fuel in the fuel tank and thus drain it. As the fuel tank starts to drain, the pressure in the tank will start to decrease which will result in the partition to start moving from the x=0 location to the location of the suction system. As the partition moves, it will dislocate the remaining fuel in the tank so that it gets closer to the suction system. As a result of this, the height of the fluid in the tank will remain constant. This will allow the suction system to always supply the car with the fuel in the fuel tank. Any and all elevations will not matter as the moving partition will ensure that the fuel in the tank continually moves towards the suction system to be used. 
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The actual fuel tank has a far more irregular shape but for Figure 2 , it is assumed that the fuel tank is of a general shape as rectangle. Since the geometry of the fuel tank is irregular, the implementation of this partition is very difficult. The partition needs to be implemented in segments along the irregular shape of the length of the tank. As the tank drains and the partition starts sliding towards the suction system, the segments of the partition seal and start to slide together until the partition reaches the suction system. However, for the calculations, the tank geometry is assumed as like Figure 2 which has length , width and height .
Justification
With current fuel tanks, when car stops itself because of the lack of the fuel, there will be remaining fuel inside the tank under elevated conditions. This causes a problem in terms of cost efficiency. For the main motivation to solve this problem, before selling process of the cars, companies need to provide some fuel inside the tank because customers need to be able to go to the nearest gas station or their home by car. The companies want to fill the tank with minimum required fuel in order to get maximum profit; however, the existing system does not operate with less than 10% fuel in 25 ̊ working angle. Hence, they need to fill at least 15% for all the cars they are selling in order to make the car arrive the nearest fuel station. This creates considerable cost when considering the number of products they sell.
In the right-hand side of the partition, there is a gas which can be supplied by the internal combustion engine and controls the movement of the partition. In an internal combustion engine, the expansion of the hightemperature and high-pressure gases produced by combustion apply direct force to the components of the engine and the resultant pressurized gases can be transmitted to move the partition when there is a pressure difference between left-hand side and right-hand side. As a result of the pressure on the left-hand side which applies force to the partition, it is expected to have a constant fuel height in the fuel tank. [2] For this project, an incompressible flow is considered which is an idealized case, wherein the variation of pressure, temperature, etc., encountered by a particle cause zero change in the density of the particle. The variables of the fluid flow systems are pressure, fluid flow rate and volumetric flow rate where ̇= . .
Calculations
The useful formulas for the calculations of the fluid flow system are given below.
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Eq. (3) is valid for laminar flows.
In Eq. (4), is 2 for high flow rates.
From conservation of mass for incompressible fluids and closed conduits, 2017 11
For the partition, from the force balance, = . .
When using a partition with a mass in dynamic analysis, Newton's second law can be applied,
Without considering the partition, first it is needed to find ( ). In order to find it, resistive element relationship (Eq. (3)) is used with assuming laminar flow.
Since the pressure difference is . . ℎ,
With combining Eq. (7) and ̇ expression,
Substituting Eq. (8) in the Eq. (5) gives,
With taking Laplace of the Eq. (9),
Before calculating ( ), it is necessary to replace for height in terms of mass of the liquid inside the tank. By observation,
The surface area of the tank,
With combining Eq. (11) and Eq. (12) and taking Laplace of the resultant equation,
Then, substitute ( ) in the Eq. (13) into Eq. (10).
It was assumed that tank is full with fuel initially (x=0 and ( = 0) = . 0 . . ℎ 0 ) and starts operating now.
With collecting all ( )terms in one side, 
From Eq. (11) and (12),
With substituting Eq. (19) into Eq. (18),
Since Eq. (21) is non-linear, it should be linearized.
The partition is operating mostly around at = /2 and corresponding fuel mass is = /2, so the Eq. [3] (21)
where, 
From Eq. (28), the relation between mass of fuel and the position of the partition is found as,
Pole-Zero Map
From Eq. (28), it can be understood that there is no pole and the system has two zeros which are,
In order to sketch the pole-zero map, the parameters should be defined. In order to define the parameters fuel tank model given as Figure 3 is used which is a 25 liter fuel tank. Fig. 3 . The reference fuel tank [4] . With using Matlab, the pole-zero map can be drawn for this system as shown in Figure 4 . Since there is no pole, it can be said that the system is stable. Therefore, it is not necessary to look at RouthHurwitz stability criterion.
Root-Locus
In order to sketch root locus, the parameters and the results are used as defined in Pole-Zero Map part.
With using Matlab, the root locus can be drawn as follows, 13 design a PID controller such that the unit step response of the above system has a maximum overshoot of 4.3% and a peak time of 0.5π sec. Also, it is desired that the steady state error for unit step input to be zero and the dynamic error for ramp input to be 10%.
The system step response performance specification imply the following requirements on the dominant closed loop pole locations 1,2 and features of the open loop transfer function affecting the closed loop steady state characteristics:
-A maximum overshoot of 4.3%, which means the damping ratio ζ = 0.707 -A peak time of 0.5 sec., which means = 2 since = = 0.5
Hence, 1,2 = −2 ± 2 -Zero steady state error for unit step input, which means type number = 1, so ≠ 0 -A dynamic error 10% for ramp input, which means 1 = 0.1 and 30.
40
= 10 , so = 10 and = 40/3 = 13.3 In order to use the analytical method, the followings should be computed.
where, Hence, the transfer function of the PID controller becomes, (33) The root locus of PID compensated system is given as Fig. 6 . 
Conclusion
When a car operates with an elevation difference of up to 25 ̊ in x and y directions, it was observed that approximately 10% of the fuel remains trapped in the fuel tank unable to be used because of the weakness of the fuel tank's suction system to reach the fuel that remains in the tank when the tank is nearly empty during car operations under elevated conditions for long periods of time. In this paper, to overcome this problem, a new type of fuel tank was designed which is based on the idea of implementing a movable partition in the fuel tank that will work to push the fuel within the tank towards the suction pump as the fuel in the tank is drained through car use.
With this new fuel tank, when the car operates, the pressure of the fuel tank will decrease as elaborated above, as a result of this decrease, the partition will start to move as the pressure of the compressed air is nearly equal to the pressure of the tank at full. In this way, the concept depicted will function from the time that the fuel tank is full to the time that the fuel tank is nearly empty. Thus, this concept allows for the use of nearly all of the fuel in the tank. This paper mentions the exhaust of the internal combustion engine can be used for the air inlet where the remaining burned gases exit the engine. The transfer function of the fuel tank was found and it was understood that the transfer function is independent from the height of the fluid inside the tank and the area of the partition.
In addition, a PID controller was designed to make the unit step response of the above system has a maximum overshoot of 4.3% and a peak time of 0.5π sec., the steady state error for unit step input to be zero and the dynamic error for ramp input to be 10%. The transfer function of the PID controller was found and the corresponding closed loop transfer function of PID compensated system was calculated. The advantage of PID controller is its feasibility and easy to be implemented. The PID gains can be designed based upon the system parameters if they can be achieved or estimated precisely.
Moreover, the PID gain can be designed just based on the system tracking error and treats the system to be "blackbox" if the system parameters are unknown. However, PID controller generally has to balance all threegains impact to the whole system and may compromise the transient response, such as settling time, overshoots, oscillations. 
